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ABSTRACT 

Based on the Sloan Digital Sky Survey DR 7, we investigate the environment, morphology and stellar population of 
bulgeless low surface brightness (LSB) galaxies in a volume-limited sample with redshift ranging from 0.024 to 0.04 and 
M r < —18.8. The local density parameter E 5 is used to trace their environments. We find that, for bulgeless galaxies, 
the surface brightness does not depend on the environment. The stellar populations are compared for bulgeless LSB 
galaxies in different environments and for bulgeless LSB galaxies with different morphologies. The stellar populations of 
LSB galaxies in low density regions are similar to those of LSB galaxies in high density regions. Irregular LSB galaxies 
have more young stars and are more metal-poor than regular LSB galaxies. These results suggest that the evolution of 
LSB galaxies may be driven by their dynamics including mergers rather than by their large scale environment. 

Key words. Galaxies: kinematics and dynamics - Galaxies: evolution- Galaxies: formation - Galaxies: spiral - Galaxies: 
star formation 


1. Introduction 


Low surface brightness (LSB) galaxies usually refer to 
galaxies possessing an exponential disk with a face-on 
central surface brightness fainter than the ambient night 
sky. This type of galaxy has been widely discussed since 
Freeman (1970) found that 28 of 36 disk galaxies have 
central surfac e brig htness in the range /ro(l?)=21.65±0.30 
mag arcsec -2 . iDisnevI (Il976ll showed that this result is bi¬ 
ased by a strong selection effect, which acts against the 
discovery of LSB galaxies. Thanks to improvements in 
telescopes and instruments, many works have been done 
to understand this kind of gala x y (ISchombert fe Bothunl 
19881: ICa ldwcll fc Bothunl Il987t ISchombert ct al.1 1 19921) . 


McGaugh et al.1 (1 19951 J) found that the morphologies of 
LSB galaxies span a wide range, from dwarfs and irreg¬ 
ulars to disk galaxies. Regardless of their morphology and 
size, all LSB galaxies have low star for mation rates , low 
metallicities and extended HI gas disks (llmpev fe Bothunl 
119971b There is no conventional definition for LSB galaxies 
yet (Impey & Bothun 1997), although they have been inten¬ 
sively studied. The most common thresholds of po{B) for 
LSB galaxies f ound in the literature are between 22 and 23 
arcsec" 2 •: Mc( laugh et aLlll995bl Ide Blok et al.l[l995: 


mag arcsec (IM cUangti et al.lll99bbt Ide B lok et alJIlHHnt 

iRosenbaum fc Bomansl 2004 iGalaz et al.1 1201 111 . Since the 


definition of LSB galaxies only depends on the central sur¬ 
face brightness, more work needs to be done to under¬ 
stand whether LSB galaxies trace the formation/evolution 
of galaxies in a more representative manner than high sur¬ 
face brightness (HSB) galaxies, or if they just follow the 
trends of HSB galaxies. This is crucial for understanding 
the formation and evolution of galaxies. 


The nature of the local and large-scale environment 
in which LSB galaxi e s are em bedded has bee n ana¬ 
lyzed bv lBothun et, al.l (Il993ll and iMo et al.l (|l994f) . They 
found that LSB galaxies are located in more isolate en¬ 
vironments compared to HSB galaxies. The deficiency 
of nearby companions f or LSB galaxies was discovered 
by IZaritskv fc Lorrimcd (|1993l h Recently, based on the 
large amount of data released by the SDSS, the influ¬ 
ence of environment on the evolution of LSB galaxies 
was fu rther revealed. Usin g the Earl y Data Release of the 
SDSS, iR.oscnbaum fc Bomansl (I2004T ) show significant dif¬ 
ferences in local density between LSB and HSB galax¬ 
ies o n scales from 2 t o 5 M pc. In their following anal¬ 
ysis, IRosenbaum ct al.l (200fL compared LSB galaxies at 
0.01<z<0.055 and at 0.055<z<0.1. The results suggested 
that LSB galaxies formed in a low-density region of the 
initial universe and have drifted to the outer parts of the 
filaments and walls of large-scale structures. 

In addition to this issue, the origin of the LSB phe¬ 
nomenon is still unknown. Could LSB galaxies result from 
a similar formation scenario as HSB galaxies? Considerable 
progress has been done in understanding the formation of 
HS B dis k g alaxies. I n exa mining the progenitors of the lat¬ 
ter, iHannner et al.l (|2005l ) suggested that their disks have 
been rebuilt after a past collision of gas-rich mergers. This 
has been supported by th e strong evo l ution of HSB disk 
morphologies revealed by iDelgado-Serrano et al.l (|2010D . 
showing that half of the disk progenitors were morpholog¬ 
ically peculiar 6 Gyr ag o. In fact, the combination of mor¬ 
pholo gy and kinematics dNeichel et a l. 2008: Hammer et al.l 
1200911 convincingly demonstrated that a significant fraction 
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of present day disks were formed after being re-processed 
through a gas-rich m ajor merger , in agreement with expec¬ 
tations fro m ACDM (iPue ch et al .l2012ft . This has been dis¬ 
cussed bv lKormendv et al.1 ( 2010T) who claimed that most 
local disks do not have a classical bulge, implying that 
they could not be related to mergers. However, the question 
needs further clarifications because pseudo bulges or even 
bulge less galaxies can be fo r med after very gas-rich merg ers 
(e.g., lHammer et al.1 (I2012H : iKeselma n &: Nusseil (|2012|)). 

As part of o ur se ries of works (|Zhong et al.1 ((2008) 
and lLiang et al.1 (|2010h . that analyzed metallicities in LSB 
galaxies based on a large sample), we would like to analyze 
the environment, morphology and stellar populations of 
bulgeless LSB galaxies. Bulgeless galaxies have l ower aver¬ 
age s urface brightness th an galaxies with bulges (ISachdeval 
12013ft . The simulations of lGovernato et ahl (12010ft show that 
strong outflows from star formation can drag dark and lu¬ 
minous matter with them to remove matter with low angu¬ 
lar momentum and prevent the form ation of a h igh-d ensity 
core or bulge. This is supported by IWalcher et al.l ( 2005 1 
who found massive star clusters at the cores of bulgeless 
galaxies. The analysis of central star formation in relation 
to the environment and dynamics may be helpful for un¬ 
derstanding the evolution of bulgeless LSB galaxies. When 
analyzing stellar populations using SDSS spectra, the se¬ 
lection of bulgeless LSB galaxies has the advantage that 
most of the light covered by the SDSS fiber will sample 
the properties of central disks without contaminations from 
the bulge light. Several studies have found that LS B ga lax¬ 
ies are dominated by bulgeless galaxies. iMcGaugh et al.1 
(Il995bll analyzed the images of 22 LSB g alaxies and found 
that most of them show B/D < 0.1. lO Neil ct al.l (|l997ft 
analyzed the morphology of 127 LSB galaxies and found 
that the majority of them (80%) were well fitted by a sin¬ 
gle exponential profile. This implies that studying a large 
sample of bulgeless LSB galaxies may significantly help in 
general to understand the properties of LSB galaxies. 

Our bulgeless LSB galaxies are selected from the nearby 
universe. The local densities are calculated to see in what 
kinds of environment bulgeless LSB galaxies are located. 
Their stellar populations will be analyzed to see which fac¬ 
tor, environment or dynamics, drives the evolution of bul¬ 
geless LSB galaxies. This paper is organized as follows. In 
Section 2, we describe the selection of our samples. The re¬ 
lations between surface brightness of bulgeless galaxies and 
their environment are investigated in section 3. In Section 4, 
we analyze the stellar populations of bulgeless LSB galaxies 
and see whether their evolution is driven by their environ¬ 
ment or by their morphological behavior. Finally, we discuss 
our results and summarize our conclusions in Sections 5 & 
6 respectively. Throughout the paper, a cosmological model 
with H 0 = 70 kms -1 Mpc -1 , Dm = 0.3 and Da = 0.7 has 
been adopted. 


2. The sample 

2.1. Volume-limited bulgeless sample 

The bulgeless LSB galaxies analyzed in this work are ob- 
tai ned from the mai n -galaxy sample o f SDSS Data Release 
7 (lYork et al.l l2000t IStoughton et al.l 12002 ; (Strauss et al.l 
120021 : Abazaiian et al.ll2009ft . The SDSS is the most ambi¬ 
tious astronomical survey ever undertaken in imaging and 
spectroscopy and targets hundreds of thousands of galaxies. 
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Fig. 1 . The location of our volume-limited sample in the 
SDSS main sample (surrounded by black dashed line). 


Table 1. Number of galaxies in the different samples. 


Sample 

Number 

Description 

So 

31674 

Volume-limited sample 

Si 

2606 

Bulgeless volume-limited sample 

Slsb 

1235 

bulgeless LSB galaxies 

Shsb 

1371 

bulgeless HSB galaxies 


The imaging data, which are obtained in drift scan mode 
and have covered more than 10 4 deg 2 until now, are 95% 
complete for point sources at magnitudes of 22.0 22.2 22.2 
21.3 and 20.5 in five bands ( ugriz ), respectively. Our sam¬ 
ples are selected following the criteria below: 

1. We construct a volume-limited sample to investigate 
the environments and analyze the stellar populations. 
A volume-limited sample eliminates the luminosity bias 
in the SDSS database. The redshift range of this sample 
is 0.024<z<0.04 and the corresponding absolute magni¬ 
tude limit is M r <— 18.8. The lower redshift limit avoids 
effects from proper motions, which are not negligible in 
the nearby universe. The upper redshift limit is set to 
include as many faint galaxies as possible when study¬ 
ing the environment. In Figure [T) we show the limits of 
our volume-limited sample (sample So), which is sur¬ 
rounded by the black dashed line. 

2. Bulgeless galaxies are selected from this volume-limited 
sample. Strictly, decomposition is a good method to es¬ 
timate the fraction of bulge light and disk light in one 
galaxy. Here we use the parameter fracDeV r , which 
is provided by the SDSS database, to select bulgeless 
galaxies. However, fracDeV is an qualitative indica¬ 
tor of the existence of a bulge and it cannot be used 
to represent the fraction of the bulge light quantita¬ 
tively. Considering the definition of fracDeV B only 
for the case of fracDeV= 0, it corresponds to a pure 
disk galaxy without a bulge. So, we choose galaxies with 

decomposite — fracDeVFdev + (1 - fracDeV)F exp 
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Fig. 2. The histogram distribution of redshifts for LSB (blue, sample Slsb ) and HSB (red, sample Shsb) galaxies and 
their fraction of the whole sample as a function of redshift. The black solid line denotes the expected number histogram 
of a complete volume-limited sample. 
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Fig. 3. The relation between scale length and surface 
brightness for sample S \. The dashed line classifies the sam¬ 
ple into LSB galaxies and HSB galaxies, and the solid line 
corresponds to the luminosity cut. 


fracDeV r =0 in our volume-limited sample and get the 
bulgeless galaxies. 

3. Low inclination galaxies are required to avoid a possi- 
b lc bias caused by int erna l extinction. As pointed out by 
lUnterborn fc Rvdenl (l2008lh extinction related to the in¬ 
clination becomes important when the axis ratio b/a de¬ 
creases (a and b are the semimajor and semiminor axis, 
respectively). But for galaxies with b/a> 0.5, extinc¬ 
tion related to the inclination cannot be distinguished 
from intrinsic extinction. Hence we limit our sample to 
b/a> 0.5 to avoid any bias. 

Therefore, we selected a bulgeless (fracDeV r = 0) and 
low inclination (6/a>0.5) volume-limited (0.024<2<0.04, 
M r < — 18.8) sample from SDSS DR7 to investigate the envi¬ 
ronment and stellar populations of LSB galaxies. The num¬ 
ber of galaxies selected from the different criteria are list in 
Table 1. 


2.2. Low surface brightness sample 

The next step, after the selection of a volume-limited sam¬ 
ple, is to calculate the surface brightness and classify the 
whole sample into LSB galaxies and HSB galaxies. For pure 
disk galaxies, the profile shape is assumed to be exponen¬ 
tial: 

£(r) = T, 0 exp(—r/a) (1) 

where £o is the central surface brightness of the disk in 
units of M 0 pc -2 and a is the scale length of the disk. In 
logarithmic units, the exponential profile is 

p(r) = p 0 + 1.086(r/a) (2) 

where un is the central surface brightness in mag arcsec -2 
(iMcGaugh et al.lli995alb The total flux is 

Ftot = 2tto! 2 T,o (3) 

if the disk is assumed to be infinitely thin. By including 
the c orrection of extinctio n and cosmological dimming ef¬ 
fect (iPhillipns et aLllT990lh we get the general formula to 
calculate central surface brightness: 

/io(m) = rridisk + 2.5Zo<?(27ra 2 ) + £(b/a ) — 10log(l + z) (4) 

where rridisk refers to the apparent magnitude of the disk, 
£(b/a) denotes extinction related to the inclination and 
2 is the redshift. Our sample consists of bulgeless galax¬ 
ies, so the total apparent magnitude of galaxies is denoted 
as rridisk- For galaxies with b/a> 0.5, extinction related to 
the inclination cannot be distin gu ishe d from the intrinsic 
extinction ( lUnterborn &; Rvdenl l2008l h So, the extinction 
correction £{b/a) is neglected in our sample when calcu¬ 
lating the central surface brightness. The B-band surface 
brightness is calculated from magnitudes in g and r bands 
of the SDSS syste m by using the conversion provided by 
ISmith et al. (120021 ). 

The widely used definition of LSB galaxies is to se¬ 
lect them as 1 o fainter than the median value of the 
Freeman law (21.65±0.3 mag arcsec -2 ). However, this is 
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not an ideal d efinition, becaus e Freem an’s sample was 

(tl995ali (see their Fig. 


not co mplete. iM cGaugh et al.l _ 

3) and lO’Neil fe BothunT l 2000ft (see their Fig. 2) es¬ 
timated the distribution of surface brightness in more 
complete samples. For galaxies with ^o(-B)<21.65 mag 
arcsec -2 , their space densities become lower when fx 0 {B) 
decreases. For galaxies with ^o(-B)>21.65 mag arcsec -2 , 
their space densities are almost constant up to /ro(l?)=25 
mag arcsec -2 . I n th i s work , using the same definitio n as 
de Blok et al.1 (Il995ft. Morshidi-Esslinger et ahl (11999ft and 


Rosenb aum fc Bomand ( 2004 1. we define LSB galaxies as 
/ro (B) >22.5 mag arcsec -2 and get 1235 LSB galaxies (sam¬ 
ple Slsb , see Table[l]). This definition is 3 ct fainter than the 
median value of the Freeman law (21.65 mag arcsec -2 ). For 
the rest, i.e. 1371 galaxies with /io(-B)<22.5 mag arcsec -2 , 
we define them as HSB galaxies (sample Shsb)- But we 
should note that the HSB galaxies defined that way are not 
all high surface brightness galaxies, since some LSB galaxies 
could be part of them if one follows the classical definition 
of Id below 21.65 mag arcsec -2 . However, this does not af¬ 
fect our results when we analyze the dependence between 
surface brightness and environment by dividing these bul¬ 
geless galaxies into two parts. 


2.3. Selection effects 

Since we select bulgeless LSB galaxies in a volume-limited 
sample, the possible selection effects of our sample need to 
be checked. We use fracDeV r =0 to define bulgeless LSB 
galaxies, so some bulgeless LSB galaxies with fracDeV r > 
0 might still be excluded from our sample. Unfortunately, 
we have not found a complete sample of LSB galaxies with 
the same selection criteri a as our sam ple with which we can 
compare. iDisseau et al. I (12015. in preparation!) selected a 
representative sample of 150 galaxies from a volume-limited 
sample with 0.022<z<0.033 and M r < -18. Although this 
sample was not selected in exactly the same way, we use it 
to roughly estimate the selection bias. In order to remove 
the extinction bias, they selected 68 low inclination galaxies 
with b/a > 0.5. Using bulge-disk decomposition, they calcu¬ 
late the surface brightness and finally obtained 11 low incli¬ 
nation LSB galaxies by defining /i 0 (r) > 21.7 mag arcsec -2 . 
The fraction of LSB galaxies in their volume-limited sam¬ 
ple is ~16.2±4.9%. In our work, we obtain 1235 bulgeless 
LSB galaxies in the volume-limited sample of 31674 galaxies 
(which contains 13731 low inclination galaxies). The frac¬ 
tion of bulgeless LSB galaxies is ~9.0±0.2%. Compared 
with these two samples, the fraction of LSB galaxies only 
differs by ~1.5cr, indicating that perhaps we may have lost 
~40% of bulgeless LSB galaxies by using the fracDeV r =0 
criterion. 

Figure [2] shows the histogram distribution of redshifts 
for LSB and HSB galaxies in sample Si and their fraction 
of the whole sample as a function of redshift. In the left 
panel, one can see that the number in our sample grows as 
z 2 . This is in line with volume geometry at extremely low 
redshift. In the right panel, one can see that the fraction 
of LSB and HSB galaxies in each bin is almost identical, 
although only bulgeless galaxies are selected here. These 
two figures suggest that the selection of bulgeless galaxies 
does not introduce any significant bias into the distribu¬ 
tion of LSB and HSB galaxies. Figure [3] shows the relation 
between scale length and surface brightness for sample Si. 
The dashed line classifies the sample into LSB galaxies and 


HSB galaxies. Most galaxies with surface brightness larger 
than 24 mag arcsec -2 are not included in this sample. This 
is probably due to the effective isophotal limit of the SDSS. 
Very diffuse galaxies below the detection limit cannot be 
identified. In Figure [3l we also show a line corresponding 
to the luminosity cut for a mean profile. 


3. The environments of LSB and HSB galaxies 


The 

local density parameter £* (IRosenbaum & Bomans 

2004 

:ISilverman et al.l 20081 Padilla et al.l 20101 Galaz et al. 

2011 

) is used to estimate the density of the local environ- 


ment. To obtain this parameter, we need to calculate the 
projected distance from an individual sample galaxy to the 
5th nearest neighbor galaxy. During this step, the galaxies 
in volume-limited main-galaxy sample of SDSS DR7 (sam¬ 
ple So), of which the K-corrected absolute magnitude are 
brighter than —18.8 (i.e. M r < —18.8), are used as the trac¬ 
ers to count the Nth nearest neighbor. The selection of trac¬ 
ers is consistent with that of LSB and HSB sample galaxies 
in terms of limiting the absolute magnitude and will help 
to eliminate the luminosity bias. Here we would like to note 
that, for the tracers, we do not constrain the fracDeV and 
b/a. This means that not only the disk galaxies but also 
the galaxies with a bulge or elliptical galaxies are also in¬ 
cluded in this tracer-sample. The information about the 
environment of one certain galaxy should include all types 
of neighboring galaxies, as all of them will influence the 
formation and evolution of the target-galaxies. 

After the tracers are constructed, we are able to cal¬ 
culate the projected distance to the Nth nearest neighbor 
galaxies and then compute the local density parameter £ 5 . 
We define the Nth nearest neighbor within a velocity shell 
of ± 500km s -1 and count the nearest neighbor from the 
first one to the fifth one. Then we get the projected dis¬ 
tance of the fifth nearest neighbor d$ in the unit of Mpc, 
and define the local density by: 

£5 = 5/(7rd 5 2 ) (5) 

in the unit of Mpc -2 . 

Whether the local density parameter £5 can represent 
realistic environments of LSB and HSB galaxies needs to be 
investigated. We cross-correlate our volume-limited sample 
with the volume-lim ited galaxy group and clusters cata¬ 
logues provided bv lTcmnel et al.l (120144 . They used a mod¬ 
ified friends-of-friends method with a variable linking length 
(LL) to identify the realistic groups/clusters with SDSS 
data release 10. For each galaxy, all neighbors within the 
LL radius are regarded as belonging to the same system. 
Their Vol-lim-18.0 catalogue, of which the r-band absolute 
magnitude limit is —18.0 and the LL radius is 0.38 Mpc, is 
consistent with the selection of our samples. We use objID 
to make the cross-correlation between their Vol-lim-18.0 
catalogue and our samples, and the parameter N ga i is re¬ 
covered. Ng a i denotes the richness (number of members) of 
groups/clusters to which the individual galaxy belongs and 
is a useful parameter to reflect the realistic environment 
where LSB galaxies are located. Figure [4] shows the rela¬ 
tion between log (N ga i) and log(£ 5 ) for LSB galaxies (blue 
triangles) and HSB galaxies (red squares). The black dots 
give the median of log(£ 5 ) for each log {N ga i) and the error 
bars show the dispersions. We can see that log(£s) increases 
when log(Ng a i) becomes large. This relation is very clear 
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Fig. 4. The relation between log(N ga i) and log(E 5 ) for LSB galaxies (left panel, blue triangles)and HSB galaxies (right 
panel, red squares). The black dots give the median of log(E 5 ) for each log {N ga i) and the error bars show the dispersions. 



log (S 5 ) 


Fig. 5. The histogram distributions of log(E 5 ) for LSB 
galaxies (blue solid line) and HSB galaxies (red dashed 
line). 


when log(E 5 )<l, suggesting the local density parameter E 5 
is consistent with realistic environment parameter N ga i and 
can reflect the density of the environment in which LSB and 
HSB galaxies are located. For the region with log(E 5 )>l, d 5 
becomes less than 0.4 Mpc, which is comparable to or less 
than the LL radius (0.38 Mpc), and the relation between 
log(E 5 ) and \og(N ga i) becomes less obvious. 

In Figure [5] we show the histogram distribution of 
log(E 5 ) for LSB galaxies (blue solid line) and HSB galax¬ 
ies (red dashed line). We can see that the distributions of 
log(E 5 ) are nearly the same, suggesting the surface bright¬ 
ness of bulgeless galaxies does not depend on the environ¬ 
ment. 


4. The Stellar Populations 

In this section, we study the stellar populations of LSB 
galaxies and see which factors, environment or dynamics, 
drive their evolution. 


4.1. Spectral synthesis analysis 


In order to investigate the evolution of LSB galaxies, we 
would like to analyze their stellar populations by fitting 
the full optical spectra using spectral synthesis. Spectral 
synthesis provides an efficient way to retrieve information 
about stellar populations of galaxies from observed spectra, 
which is very important for understanding the formation 
and evolution of galaxies. The information on both age and 
metallicity distributions of stars contained in galaxy spec¬ 
tra can reflect the star formation and chemical histories 
of LSB galaxies. Here we analyze the stellar populations of 
LSB galaxies to see which factor, environment or dynamics, 
affects their evolution. 

We fit the absorption lines and continua of the spectrum 
of every indi vidua l galaxy using t he software STARLIGHT 
(ICid Fernandes et al.ll2005[ 1200 7). This software fits an ob¬ 
served spectrum 0\ with a model M\ that adds up TV* 
Simple Stellar Populati ons (SSPs) with dif f erent ages and 
metallicities taken from lBruzual k, Charlotl (l2003f) (BC03). 
In our analysis, we take 24 SSPs, including 12 different 
ages from 40 Myr to 13 Gyr (40, 280, 900 Myr and 1.27, 
1.43, 2.5, 4.25, 5, 6.25, 7.5, 10, 13 Gyr) and two metal¬ 
licities (0.2 an d 1.0 Z^), the stel l ar evolutionary trac ks of 
Padova 1994 (|Alongi et al.l119931 : jGirardiet ah 19961) . the 
initial mass func tion (IMF) fro mlCh abrieil ( 20031 1 and the 
extinction law of lCardelli et al.1 (1 19891) with Ry = 3.1. The 
Galactic extin c tions are corrected by the reddening map of 
[Schlegel et ah (1998) and the spectra are shifted to the rest 
frame. The range of the spectra is from 3700 to 8000A with 
a step of lA and normalized to the median flux in the 4010 
to 4060A region. During spectral synthesis fitting, we ex¬ 
clude the emission lines and four windows (5870-5905A, to 
avoid the NaDXX 5890, 5896 doublet, which is from the 
interstellar medium; 6845-6945A and 7550-7725A, which 
are the strong absorption bands from the Earth’s atmo¬ 
sphere and were flagged by BC 03 as issues in the STELIB 
library dLe Borgne et al.ll2003f l: 7165-7210A, which shows 
a systematic broad residual i n emission as mentioned by 
iMateus et al.l (|2006ll h see also iGhen et al.1 ( 20091 l2010h . 

As discussed in lGid Fernandes et al.l (2005j), the individ¬ 
ual components of stellar populations are fluctuant, but the 
combined stellar populations are robust enough. We need to 
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Fig. 6. The histogram distributions of young, intermediate-age and old stellar populations for LSB galaxies located in 
a low density region (log(E 5 )<0.5) and a high density region (log(E 5 )>0.5). Isolated LSB galaxies are defined with 
log(E 5 )<-0.4. 
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Fig. 7. The histogram distributions of metal-poor stellar 
populations for LSB galaxies located in a low density re¬ 
gion (log(E 5 )<0.5) and a high density region (log(E 5 )>0.5). 
Isolated LSB galaxies are defined with log(E 5 )<-0.4. 


combine the individual stellar population into young pop¬ 
ulation (< lGyr), intermediate-age population (1 ~ 5Gyr) 
and old population (> 5Gyr). When doing the spectral syn¬ 
thesis, we fit every spectrum 30 times with different random 
seed to get a robust result and estimate the associated un¬ 
certainty. For every individual galaxy, we take the median 
value of these 30 fitting results as a robust result and the 
standard deviation as the uncertainty. The typical value 
of the relative uncertainty of mass fraction in our sample 
is 13%, 21% and 30% for young, intermediate-age and old 
stellar populations, respectively. 

4.2. Stellar population of LSB galaxies in different 
environments 

Figure [6] shows the histogram distributions of young, 
intermediate-age and old stellar populations for LSB galax¬ 
ies located in low (log(E 5 )<0.5 and <-0.4, i.e., d 5 > 0.7 
and 2 Mpc, respectively) and high (log(E 5 )>0.5) density 
region. The red solid line denotes LSB galaxies in a high 
density region and the blue solid line denotes LSB galaxies 


in a low density region while the blue dotted line delineates 
isolated LSB galaxies. Table [2 shows the median values of 
different stellar populations. We can see that, for young, 
intermediate-age and old stellar populations, the distribu¬ 
tions and the median value are nearly the same for LSB 
galaxies in low and high density region. On the other hand, 
Figure [7] shows the histogram distributions of metal-poor 
stellar populations for LSB galaxies in low and high den¬ 
sity regions. We cannot see obvious differences of metallici- 
ties for LSB galaxies in these three different environments. 
These results suggest that the stellar populations of LSB 
galaxies are similar when they are located in different envi¬ 
ronments. Environment is not found to play an important 
role in the evolution of LSB galaxies. 

Whether these results are biased by the definition of low 
and high density needs to be checked. With two different 
definitions, we check the histogram distribution of stellar 
populations for LSB galaxies located in low (log(E 5 )<0, 
log(E 5 )<0.8) and high (log(E 5 )>0, log(E 5 )>0.8) density 
regions. We find that there is still no obvious difference 
between the stellar populations of LSB galaxies in differ¬ 
ent environments, even with different definition of low/high 
density. This suggests that the above results are not biased 
by the definition of low/high density and the similarities 
of stellar populations are real for LSB galaxies in different 
environments. 

4.3. Stellar population of LSB galaxies with different 
morphologies 

LSB galaxies exhibit a wide ran ge of morphologies from 
dwarf irregular to luminous disk dMcGaugh et al.lll995bf) . 
Like LSB galaxies in different environments, whether the 
stellar populations of LSB galaxies with different morpholo¬ 
gies are similar or not is an important issue to investigate. 
To make this clear, we would like to compare the stellar 
population of LSB galaxies which have different morpholo¬ 
gies. 

Morphological classification of LSB galaxies has been 
done by visual inspection of galaxy images from the SDSS. 
The whole LSB sample is classified into two groups: regular 
LSB galaxies and irregular LSB galaxies. Most LSB galaxies 
can be classified well, except some very small ones because 
of the spatial resolution. The classification has been done 
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Fig. 8 . The histogram distributions of young, intermediate-age and old stellar populations for regular LSB galaxies 
and irregular LSB galaxies. Notice that regular LSB galaxies have almost no young stellar component compared to 
morphologically peculiar LSB galaxies that spread over significant fractions. 


Table 2. Median value of different stellar populations 



Young 

Age 

Intermediate 

Old 

Metallicity 

Poor 

Isolated LSB 

3.3% 

55.5% 

38.3% 

74.9% 

LSB in Low Density 

3.2% 

55.9% 

37.5% 

73.9% 

LSB in High Density 

2.2% 

53.6% 

42.2% 

68.2% 

Irregular LSB 

12.9% 

60 Wo 

11.0% 

88 H% 

Regular LSB 

2.7% 

55.1% 

40.5% 

71.0% 


ing they are younger and have more young stars than reg¬ 
ular LSB galaxies. For the intermediate-age stellar pop- 
illations, the differences are not obvious. Figure [9] shows 
the histogram distributions of metal-poor stellar popula¬ 
tions for regular and irregular LSB galaxies. Regular LSB 
galaxies have less metal-poor stellar populations than ir¬ 
regular LSB galaxies. These results suggest that irregular 
LSB galaxies formed more stars than regular LSB galaxies 
-at recent epochs. The increase of metallicity in regular LSB 
galaxies may go faster than in irregular LSB galaxies. 



0 20 40 60 80 100 

Percentage of Metal-poor Stellar Population 


Fig. 9. The histogram distributions of metal-poor stellar 
populations for regular LSB galaxies and irregular LSB 
galaxies. 


by XS and FH and some examples of irregular galaxies are 
shown at the end of the paper (Figure HD and Figure fl3l). 
The major difficulty is to distinguish Irr from SBm (very 
late type galaxies) and this is certainly the main uncer¬ 
tainty in this visual classification. 

Figure [8] shows the histogram distributions of young, 
intermediate-age and old stellar populations for regular and 
irregular LSB galaxies. Table [2] shows median values of 
these distributions. The differences are significant. Irregular 
LSB galaxies have more young stellar populations and less 
old stellar populations than regular LSB galaxies, suggest- 


5. Discussion 

5.1. Differences of environment between LSB and HSB 
galaxies 

In the above analysis, we found that the surface bright¬ 
ness of bulgeless galaxies does not depend on the envi¬ 
ronment. We no tice that this appear s to be different from 
previous studies. iBothun et al.l (119931) an d lMo et ahl (Il994f) 
found that LSB galaxies are located in more isolated en¬ 
vironments than HSB galaxies. The differences are prob¬ 
ably due to the different selection criteria. They selected 
not only bulgeless galaxies but also galaxies with bulges, 
but we only select bulgeless galaxies. However, only select¬ 
ing bulgeless LSB and HSB galaxies, which are late type 
galaxies, should not bring significant bias when comparing 
their environments. Indeed, massive galaxies are located in 
higher de nsity regions and hav e higher B/T than low mass 
galaxies (iHammer et al.l [2005 9. This suggests that galax¬ 
ies with high B/T may be located in high density regions. 
Considering the large fraction of HSB galaxies with bulges, 
which may make them have higher average density than 
LSB galaxies, previous works may have bias when compar¬ 
ing their environment by selecting galaxies with bulges. 

5.2. Aperture effect in spectral synthesis 

As is well known, SDSS is a fiber-based survey. The spectra 
of objects are taken by fibers with diameters of 3 arcsec. 
When extended sources are ana lyzed, such as nearby g alax¬ 
ies, there are apert ure effects. iTremonti et al.l ([2004) and 
iKewlev et al.l (I2005T) have discussed the aperture effects of 
SDSS spectroscopy in detail. In order to check how much 
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Fig. 10. The histogram distributions of light fraction for different LSB galaxies. 


light is covered by SDSS observation, one simple and accu¬ 
rate way is to compare the fiber magnitude and Petrosian 
magnitude of our samples. The fiber magnitude is a mea¬ 
surement of the light falling into the fiber and the Petrosian 
magnitude is a good esti mate of the total ligh t. Thus, wc 
adopt the formula below ()Hopkins ct al.|[2003f ) to estimate 
how much light is covered by fiber observations: 

flight = 10 (-°Mm f ^r-m petro ) r ) (g) 

The typical value of fu g ht is ~0.08, indicating that the 
light of the spectra comes from the inner regions of galax¬ 
ies. Generally there are age and/or metallici ty gradients in 
LSB galaxies (Ide .Tondll99fil : lBell et al.ll2000lf . Inner regions 
have old and metal-rich stellar populations, while young 
and metal-poor stellar populations dominate outer regions. 
Therefore, our estimations of the stellar populations repre¬ 
sent the properties of the central regions. The whole disk of 
LSB galaxies could be younger and more metal-poor than 
central regions. On the other hand, our samples consist of 
bulgeless galaxies and the spectra sample only the central 
part of the disks. So, our results represent the properties of 
central disks well without contaminations from bulge light. 

In order to check whether the above results are biased 
by different aperture effects, we show the histogram dis¬ 
tributions of flight for different LSB galaxies in Figure [10] 
We can see that, for LSB galaxies in different environments 
or with different morphologies, the distributions are nearly 
the same, suggesting our results are not biased by different 
aperture effects and are robust enough. 

5.3. The origin of star formation in irregular LSB galaxies 

Table [2] shows the median values of different stellar popula¬ 
tions for irregular LSB galaxies and regular LSB galaxies. 
Irregular LSB galaxies have more young and metal-poor 
stellar populations in the center than regular LSB galax¬ 
ies. Because of the degeneracy between age and metallicity, 
it is difficult to analyze the star formation histories in de¬ 
tail using these results. But for a young stellar population 
with poor metallicity, there is no degeneracy. Generally the 
central region of disk galaxies has old and metal-rich stellar 
populations, and the outer region has young and metal-poor 



8.5 9 9.5 10 10.5 11 


Stellar Mass (log M 0 ) 

Fig. 11. The histogram distributions of stellar mass for reg¬ 
ular LSB galaxies and irregular LSB galaxies. The red and 
blue dot-dashed lines denote the mass-completeness limits 
of regular and irregular LSB galaxies, respectively. 

stellar populations (Ide .Jondi 199(1 file 11 et al.l[2000ll . It is in¬ 
teresting that the irregular LSB galaxies have such a high 
fraction of young stars (<lGyr) in their central regions. 
What kind of mechanisms can make young stars appear in 
the center of irregular LSB galaxies? 

The detection of young stars suggests that the central 
regions of irregular LSB galaxies may experience recent star 
formation episodes, which result in the so-called clumps. 
What drives the formation of clumps has been widely stud¬ 
ied. B y analyzing the kinematics of clumpy galaxies at z ~ 
0 .6.11 hie (Til (l2010f ) suggests that cold flows are expected to 
feed z>l clumpy galaxies, while mergers are probably the 
dominant driver leading to the formation of clumpy galaxies 
at z<l. For our sample with redshifts ranging from 0.024 to 
0.04, mergers may be one of the reasons for the appearance 
of irregularities and central star formations. 

Figure [FT] shows the histogram distributions of stellar 
masses for regular and irregular LSBgalaxies. The stellar 
masses are recovered from MPA- JHU0 and estimated using 

2 http://www.mpa-garching.mpg.de/SDSS/DR7/ 
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fits to the photometry. Irregular, star forming galaxies have 
lower stellar mass than others. This is probably due to the 
different mass-to-light ratios (M/L) of these two subsam¬ 
ples. Such variations have been really presented when we 
found the differences in the fraction of young stars. In or¬ 
der to estimate this incompleteness, we determine the mean 
stellar mass of the galaxies which are located very near the 
luminosity cut (between -19 and -18.8) and consider that 
as a mass-completeness limit. In Figure [LQ the dot-dashed 
lines give the mass-completeness limits of irregular and reg¬ 
ular LSB galaxies, which are 9.0 and 9.25, respectively. The 
LSB galaxies with stellar mass higher than these limits are 
considered to be complete in stellar mass. We focus in the 
following on irregular LSB galaxies with logM 0 >9.5 (to 
compare to the regular ones) as well as the irregular ones 
with logMQ<9.0. 

For massive LSB galaxies(logM 0 >9.5), normally it is 
difficult for the gas to fall into the center and form stars. 
One possible mechanism to form young stars in the cen¬ 
tral region is through a gas-rich merger that could trans¬ 
port gas_^mn_tlwoutskirts_o£_the_galaxy_Jnto_Bie cen¬ 
ter (lHammer et al.ll2009l iRodrigues et aJ1l2008L 1 201 2 ll . For 
more than half of irregular LSB galaxies in Figure [T2j we 
see a merger happening within them when checking their 
images. For the irregular LSB galaxies with logM 0 >9.5 in 
our sample, we also find seven with bars appearing in the 
center, a phenomenon that can be enhanced by merging in 
peculiar galaxies. The presence of a bar is believed to be 
an effici ent way to drive gas towards the central region of a 
galaxy (iNorman et al.l 19961b which may trigger strong star 
for mation ( Haan et all (200911 . 

iMcConnachid (|20TS ) reviewed nearly 100 nearby dwarf 
galaxies and found that most of them have stellar mass less 
than 1O 9 M 0 . When checking the images of irregular LSB 
galaxies with logM 0 <9.O in Figure fl3l we find that most 
of them are dwarf irregulars (dlrrs). Several studies have 
revealed that r ecent star formation in dlrrs takes place 
at their cent e r dWilcots & ; Milled 1 19981: Miller et al. 20011: 
Garcia et al . | l2009t iLianou fc Cold 1 2 01 .'It IFouauet et all 


20151) . These star formation episodes mig ht be triggered 


by the collapse of high density gas. Indeed iMomanv et al.1 
(2005) found that young stars are located near regions with 
high HI column density in the Sagittarius dwarf irregular 
galaxy. There is still the possibility that the low-mass 
irregular LSB galaxies are tidal dwarf ga laxies ( TD Gs), 
which can form young: stars in their center (lHammer et al.1 
120131 IFouauet et al.ll20T5lf . For irregular LSB galaxies 
with 9.O<logM 0 <9.5, the situation is more complicated. 
Kinematics need to be done in detail to see why they have 
a large fraction of young stars in their central region. 


this work. We selected a large sample of 1235 bulgeless low 
inclination LSB galaxies in a volume-limited sample with 
redshifts ranging from 0.024 to 0.04 and M r < —18.8. The 
local density parameter £5 is calculated to trace their en¬ 
vironment. This parameter gives a hint as to how far the 
nearest neighbours are away from the galaxy, but it does 
not provide any insight into what interactive histories the 
galaxies might have had. For bulgeless galaxies, we find 
that their surface brightness does not depend on the en¬ 
vironment. Compared with previous studies, only selecting 
bulgeless galaxies avoids significant bias when comparing 
their environments. 

The stellar populations of bulgeless LSB galaxies in low 
density regions are similar to those of bulgeless LSB galax¬ 
ies in high density regions, suggesting the environment may 
play a less important role in the evolution of bulgeless LSB 
galaxies. On the other hand, bulgeless LSB galaxies with 
different morphologies have significant differences in the 
stellar populations. Different dynamic situations make ir¬ 
regular LSB galaxies have more young stars in the center 
than regular LSB galaxies. These results suggest that the 
dynamics and mergers for at least the more massive ones 
may play a dominant role in the evolution of LSB galaxies 
rather than environment. 
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